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a charge on each column line 6 representative of the charge 
stored in the memory cell 3 connected thereto. Next, signal 
PRE CHARGE is de-asserted, thereby connecting capacitor 
44 to the current mirror 43. With a selected column line 6 
being connected to the first current leg 42A of current mirror 
42, a current flows through first current leg 42A in propor- 
tion to the voltage on column line 6, which causes a 
proportional current to flow through second current leg 42B 
as well as through first current leg 43A. A current flows 
through the second current leg 43B of current mirror that is 
proportional to the current in first current leg 43A, which 
causes capacitor 44 to collect charges and develop a voltage 
across capacitor 44. Following the charging of capacitor 44, 
a pad, such as a test pad, may sense the voltage across 
capacitor 44. Because the voltage across capacitor 44 is 
proportional to the voltage that appeared on the selected 
column line 6, an accurate indication of the ability of the 
memory cell 3 connected to the selected column line 6 to 
charge column line 6 is determined. 

[0052] FIG. 10 is another implementation of current mir- 
ror circuitry 21 according to a second embodiment of the 
present invention. In this case, current mirror circuitry 21 
includes a single current mirror 48 having a first current leg 
48A and a second current leg 48B. A capacitor 49 is 
connected to the second current leg 48B via access transistor 
50. Aprecharge transistor 51 is connected in parallel with the 
transistor of second current leg 48B. Control signal PRE- 
CHARGE drives the gate terminals of access transistor 50 
and precharge transistor 51 so as to precharge capacitor 49 
prior to capacitor 49 being connected to current mirror 48. 
In operation, connection of a selected column line 6 induces 
a current in the first current leg 48A and a proportional 
current through the second current leg 48B of current mirror 

48, thereby creating a voltage differential across capacitor 

49. When the charging is complete, a test pad or other pad 
may be connected across capacitor 49 so as to sense the 
voltage thereacross. Because the voltage across capacitor 49 
is proportional to the currents through current mirror 48 and 
hence the voltage appearing on the selected column line 6, 
a determination of the ability of the memory cell 3 connected 
thereto may be ascertained 

[0053] Still another embodiment of the present invention 
is shown in FIG. 11. In this case, a curreot mirror 60 is 
connected to a single column line 6, with each column line 
6 being connected to a distinct current mirror 60. Current 
mirror 60 includes a first current leg 61 connected to a 
column line 60, and a second current leg 62 connected to pad 
23. By connecting the common node of current mirror 60 to 
another pad, such as pad 25, the transistor in first current leg 
61 may be initially biased to the point of conduction, as 
discussed above with respect to test circuit 20 of FIG. 4. 

[0054] The invention being thus described, it will be 
obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modifications 
as would be obvious to one skilled in the art are intended to 
be included within the scope of the following claims. 

What is claimed is: 

1. A random access memory device, comprising: 

a memory array of memory cells organized into rows and 
columns, including a plurality of word lines and col- 



umn lines, each row of memory cells being coupled to 
a word line and each column of memory cells being 
coupled to a column line; 

sense amplifier circuitry coupled to the column lines; 

address decode circuitry for receiving an address value 
and asserting a row line associated therewith; and 

test circuitry, coupled to the column lines, for selectively 
sensing voltage levels appearing on the column lines 
and providing externally to the random access memory 
device an electrical signal representative of the sensed 
voltage levels. 

2. The random access memory device of claim 1, wherein 
the random access memory device comprises a ferroelectric 
memory device. 

3. The random access memory device of claim 1, wherein 
the random access memory device comprises a nonvolatile 
memory device. 

4. The random access memory device of claim 1, wherein 
the test circuitry comprises a first current mirror, coupled to 
the column lines, including a first current leg coupled to the 
column lines and a second current leg. 

5. The random access memory device of claim 4, wherein 
the second current leg is coupled to an output pad. 

6. The random access memory device of claim 4, wherein 
the first current leg is coupled to a plurality of column lines. 

7. The random access memory device of claim 6, wherein 
the test circuitry further comprises a transmission gate 
connected between the first current leg of the first current 
mirror and the column lines coupled thereto. 

8. The random access memory device of claim 6, wherein 
the test circuitry further comprises a plurality of transmis- 
sion gates, each transmission gate being connected between 
the first current leg of the first current mirror and a distinct 
column line. 

9. The random access memory device of claim 4, wherein 
a common node between the first and second current legs of 
the first current mirror is coupled externally to the random 
access memory device. 

10. The random access memory device of claim 4, 
wherein the second current leg of the first current mirror is 
coupled externally to the random access memory device. 

11. The random access memory device of claim 11, 
wherein the test circuitry further comprises precharge cir- 
cuitry coupled to the capacitor. 

12. The random access memory device of claim 12, 
wherein the precharge circuitry comprises a first transistor 
coupled between the capacitor and a reference voltage 
source. 

13. The random access memory device of claim 4, 
wherein: 

each of the first and second legs of the first current mirror 
comprises a transistor connected to a common node; 
and 

the random access memory device further comprises a 
bias circuit, coupled to the common node, for main- 
taining the transistors of the first and second current 
legs of the first current mirror. 

14. The random access memory device of claim 13, 
wherein: 

the bias circuit comprises a test transistor having a first 
conduction terminal coupled to the common node and 
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a second conduction terminal coupled externally to the 
random access memory device, the test transistor hav- 
ing similar operating characteristics to the operating 
characteristics of the transistors of the first leg of the at 
least one current mirror. 

15. The random access memory device of claim 13, 
wherein: 

the bias circuit comprises a first test transistor having a 
first conduction terminal coupled to the common node 
and a second conduction terminal, and a second tran- 
sistor having a first conduction terminal connected to 
the second conduction terminal of the first test transis- 
tor and a second conduction terminal coupled to a 
reference voltage line, the first test transistor having 
similar operating characteristics to the operating char- 
acteristics of the transistors of the first leg of the at least 
one current mirror. 

16. The random access memory device of claim 4, 
wherein: 

the first and second current legs of the first current mirror 
is coupled to a common node; and 

the test circuitry further comprises a transistor coupled 
between the common node and a voltage reference and 
having a control terminal coupled to a test control 
signal. 

17. The random access memory device of claim 4, 
wherein the test circuitry further comprises: 

a second current mirror having a first current leg coupled 
to the second current leg of the first current mirror, and 
a second current leg. 

18. The random access memory device of claim 16, 
wherein the test circuitry further comprises: 

a capacitor coupled to the second current leg of the second 
current mirror, to collect a charge that is proportional to 
a current level flowing through the second current leg 
of the second current mirror. 

19. The random access memory device of claim 1, 
wherein: 

the test circuitry disables the sense amplifiers during a test 
operation. 

20. The random access memory device of claim 1, 
wherein the test circuitry converts the sensed voltage levels 
to current levels and provides the current levels externally to 
the random access memory device. 

21. The random access memory device of claim 1, 
wherein the test circuitry converts the sensed voltage levels 
to converted voltage levels and provides the converted 
voltage levels externally to the random access memory 
device. 

22. The random access memory device of claim 1, 
wherein the test circuitry comprises a plurality of current 
mirrors, each current mirror is connected to a distinct 
column line. 

23. A method of testing a semiconductor memory device 
having an array of memory cells, comprising: 



sensing voltage levels appearing in the memory cells; and 

providing externally to the semiconductor memory device 
an electrical signal representative of the sensed voltage 
levels. 

24. The method of claim 23, wherein: 

the semiconductor memory device comprises a ferroelec- 
tric memory device. 

25. The method of claim 23, wherein: 

the array of memory cells is arranged into a plurality of 
rows and columns and includes a plurality of column 
lines coupled to the columns of memory cells; and 

the step of sensing comprises sensing the voltage levels 
appearing on the column lines. 

26. The method of claim 23, further comprising: 

converting the sensed voltage levels into current levels 
that are proportional to the sensed voltage levels. 

27. The method of claim 23, further comprising collecting 
the current on a capacitor. 

28. The method of claim 23, further comprising selecting 
a column line prior to the step of sensing. 

29. An integrated circuit, comprising: 

a ferroelectric memory device, comprising: 

a ferroelectric memory cell; and 

test circuitry, coupled to the column lines, for selec- 
tively measuring an extent of polarization of the 
ferroelectric memory cell and providing the mea- 
surement externally to the integrated circuit. 

30. The integrated circuit of claim 29, wherein: 

the test circuitry measures a voltage level maintained in 
the ferroelectric memory cell and provides externally to 
the integrated circuit an electrical signal representative 
of the measured voltage level. 

31. The integrated circuit of claim 30, wherein: 

the ferroelectric memory cell comprises a ferroelectric 
capacitor; and 

the test circuitry converts a voltage level appearing across 
the ferroelectric capacitor to a current level and pro- 
vides the current level externally to the integrated 
circuit. 

32. The integrated circuit of claim 30, wherein the test 
circuitry comprises a current mirror having a first current leg 
coupled to the ferroelectric memory cell and a second 
current leg coupled to a pad on the integrated circuit. 

33. The integrated circuit of claim 32, wherein the test 
circuitry further comprises a plurality of transmission gates 
connected between the column lines and the first leg of the 
current mirror. 

34. The integrated circuit of claim 32, wherein the test 
circuitry further comprises a circuit for biasing a common 
node between the first and second current legs of the current 
mirror. 
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